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Abstract 

Background: Myelitis is one of the rarest neurological complications of the varicella zoster 
virus (VZV) infection. Focal muscle weakness with or without sensory disturbance occurs in 
approximately 5% of the cases after acute VZV infection, with complete recovery in 50-70%. 
Case Presentation: This report describes two rare cases of elderly patients with VZV myelitis 
secondary to dermatomal zoster rash. Patient 1 was a 79-year-old woman who developed 
paraplegia, numbness and decreased sensation in the left arm and below thoracic (Th)-lO 
after sacral zoster. Spinal cord MRI showed a high-signal-intensity lesion at the cervical spinal 
nerve 2 on a T 2 -weighted image. Patient 2 was a 73-year-old man who developed right 
flaccid leg weakness and urinary retention after right dorsal Th 5-8 zoster. Spinal cord MRI 
showed a high-signal-intensity lesion at Th 3-4 on a T 2 -weighted image. In both cases, 
although the conventional single polymerase chain reaction (PCR) assays all showed negative 
results, the original nested PCR assay detected VZV DNA in the cerebrospinal fluid (CSF) 
specimen collected on admission. In addition, the anti-VZV IgG antibody by enzyme 
immunoassay and antibody index were elevated in the CSF specimens during the clinical 
courses of both patients. On the basis of these findings, both patients were diagnosed with 
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VZV myelitis and were treated with high-dose acyclovir and corticosteroid. This combined 
treatment was appropriate and effective for the improvement of their functional outcomes. 
Conclusion: The detection of VZV DNA in CSF by nested PCR assay and the evaluation of the 
antibody index to VZV had significant diagnostic value. 



Background 

Myelitis is one of the rarest neurological complications of the varicella zoster virus 
(VZV) infection [1-4]. Focal muscle weakness, called zoster paresis, with or without sensory 
disturbance, occurs in approximately 5% of the cases after acute VZV infection, with 
complete recovery in 50-70% and approximately 15% who do not experience any 
improvement. In addition, the immune setting of the patient affects the clinical presentation 
of VZV-related neurological complications [1-4]. At present, cerebrospinal fluid (CSF) 
analysis is a key tool in the diagnosis of the central nervous system (CNS) infection with VZV 
[3-9]. The detection of intrathecal synthesis of anti-VZV-specific antibodies by enzyme 
immunoassay (EIA) and the amplification of VZV DNA in CSF by polymerase chain reaction 
(PCR) assay are the most reliable methods of establishing a diagnosis of VZV infection in the 
CNS [3-9]. 

This report describes two elderly patients with VZV myelitis in whom both VZV DNA 
and anti-VZV antibody were detected in CSF during the disease, and whose disease improved 
by combined treatment with acyclovir and corticosteroid. In addition, the diagnostic value 
and clinical usefulness of the antibody index to VZV and nested PCR assay are discussed. 



Methods 

CSF Collection Procedure 

CSF specimens of approximately 3-4 ml were collected by standard lumbar puncture. 
These specimens were divided into 3 or 4 aliquots for use in each examination. One aliquot 
was transferred to a commercial laboratory under refrigeration (at 4°C) to perform EIA or 
conventional single PCR assay. Another aliquot was stored at -20°C until use for original 
nested PCR assay. 

Enzyme Immunoassay 

Specific IgG and IgM antibodies to VZV, herpes simplex virus type-1 (HSV-1) and cyto- 
megalovirus (CMV) in clinical specimens (serum and CSF) were quantitatively detected by 
EIA [3-9]. The respective EIA values were determined according to a previously reported 
protocol [10], with the work outsourced to a major commercial laboratory (SRL Inc., Tokyo, 
Japan). 

The evaluation of the antibody index provides evidence of the intrathecal synthesis of 
anti-virus antibodies [11]. The antibody index is expressed as follows: (CSF antibody titer 
(EIA value)/serum antibody titer (EIA value))/(CSF IgG (mg/dl) /serum IgG (mg/dl)) [10, 
11]. This ratio being superior to 1.5 or 2.0 suggests antibody production in the CNS [10, 11]. 
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PCR Assays 

Clinical Routine Single-PCR Assays for 3 Types of Viral DNA 

In this study, all of the routine clinical single-PCR assays for VZV, HSV-1 and CMV DNA in 
CSF specimens were outsourced to a major commercial laboratory (SRL Inc., Tokyo, Japan). 

Original Nested PCR Assay for VZV DNA 

The DNA specimens including VZV DNA were extracted and purified from 250 ul CSF 
aliquots by a previously reported conventional phenol-chloroform method and ethanol 
precipitation with a high-molecular-weight carrier, Ethachinmate® (Nippon Gene, Tokyo, 
Japan), as a coprecipitating agent for the nucleotides [12, 13]. 

For use in the two consecutive PCR amplification steps of the nested PCR assay, two 
pairs of the outer forward (WZ-F1) and reverse (WZ-R1) primers as well as the inner 
forward (WZ-F2) and reverse (WZ-R2) primers that were specific to the open reading frame 
(ORF) 29 in the VZV gene [GenBank accession no. NC_001348.1 (X04370)] [14] were 
prepared. The sequences of these primers are shown in table 1. In the first-step (single) PCR, 
2 ul of the extracted DNA specimen as a template were amplified using each of the outer 
primers, WZ-F1 and WZ-R1. In the second-step (nested) PCR, 2 ul of the single-PCR product 
as a template were amplified using each of the inner primers, WZ-F2 and WZ-R2. All PCR 
procedures followed the protocols shown in table 2, using GeneAmp PCR system 9700 
(Applied Biosystems, Foster City, Calif., USA). The PCR products were analyzed using the 
Agilent 2100 Bioanalyzer System™ (Agilent Technologies, Waldbronn, Germany). The 
presence of a 172 base-pair (bp) band for single PCR and an 88-bp band for nested PCR 
indicated successful amplification. 



Case Presentation 



Patient 1 

On February 26, 2010, a previously healthy and HIV-negative 79-year-old woman de- 
veloped mild fever and focal skin rash with pain in her gluteal region. Moreover, on March 9, 
she developed gradually progressive gait disturbance. On admission, on March 11, her 
temperature was 37.6°C and focal zoster rash was distributed in the sacral 2-3 gluteal 
region. Upon neurological examination, she demonstrated mild right hand weakness, 
moderate left dominant paraplegia with bilateral hyporeflexia of the lower limbs, and 
numbness with decreased sensation in the left arm and bilateral trunk and legs below 
thoracic (Th)-10. Both planter responses were absent. Spinal cord MRI showed a high- 
signal-intensity lesion at the cervical spinal nerve 2 on a T2-weighted image (fig. la). 
Laboratory studies showed no immunosuppression or autoantibody. The initial routine CSF 
studies showed lymphocytic pleocytosis (156 cells/ul), elevated proteins (155 mg/dl) and a 
negative result for bacterial culture (table 3). EIA values for IgG antibodies was positive 
against VZV, HSV-1 and CMV in both serum and CSF (table 3). The EIA value for IgM antibody 
was only positive against VZV in serum, but negative against all three viruses in CSF (table 
3). The IgG antibody index was elevated against VZV (3.28) and HSV-1 (2.25), which 
suggested intrathecal synthesis of IgG antibodies (table 3). In a CSF specimen collected on 
admission, no VZV DNA was detected by the conventional commercial single-PCR assay 
(table 3), but our original nested PCR assay revealed a clear positive result for the same CSF 
specimen (table 3 and fig. Id). Based on these findings, the patient was diagnosed with VZV 
myelitis and immediately treated with acyclovir at 10 mg/kg intravenously three times a day 
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for 2 weeks and methylprednisolone at 500 mg intravenously daily for 3 days, parallel to 
rehabilitation. The treatment and rehabilitation succeeded and her symptoms and routine 
CSF findings gradually improved. The results of nested PCR assay for CSF specimens rapidly 
changed from positive to negative 1 week after starting treatment, whereas the IgG EIA 
value and IgG antibody index for VZV were continually elevated throughout the course of 
clinical treatment (table 3). Although numbness in the distal part of both lower limbs 
remained as a sequela, the patient recovered until she could walk without any assistance. 
She was discharged on May 10, 2010. 

Patient 2 

On April 5, 2011, an HIV-negative 73-year-old man developed right-chest dorsal zoster 
rash and was started on treatment with valacyclovir at 1 g orally three times a day. Despite 
this treatment, he developed severe anorexia, gait disturbance (on April 10) and urinary 
retention (on April 12), one after the other. On admission, on April 13, he was afebrile 
(36.8°C) and focal zoster rash was distributed in the dorsal Th 5-8 region. On neurological 
examination, he demonstrated moderate right flaccid leg weakness with hyporeflexia, slight 
right Babinsky sign and severe difficulty in urinating, but no sensory disturbance. Except for 
a surgical operation for gastric cancer at the age of 60, his medical and familial histories 
were unremarkable. Spinal cord MRI showed a high-signal-intensity lesion at Th 3-4 on a T2- 
weighted image (fig. lb and c). Laboratory studies showed no immunosuppression or 
autoantibody. The initial routine CSF studies showed lymphocytic pleocytosis (110 cells/^il), 
elevated proteins (93 mg/dl) and a negative result of bacterial culture (table 3). The EIA 
value for IgG antibody was positive for VZV, HSV-1 and CMV in both serum and CSF (table 3). 
Meanwhile, the EIA value for IgM antibody was negative against all three viruses in both 
serum and CSF (table 3). The IgG antibody index was elevated against VZV (8.24), HSV-1 
(7.30) and CMV (5.15), which suggested intrathecal synthesis of IgG antibodies (table 3). In 
the CSF specimen collected on admission, no VZV DNA was detected by conventional 
commercial single-PCR assay (table 3), but our original nested PCR assay revealed a definite 
positive result (table 3 and fig. le). Based on these findings, he was diagnosed with VZV 
myelitis and radiculopathy and immediately treated with acyclovir at 10 mg/kg intravenous- 
ly three times a day for 2 weeks and methylprednisolone at 1,000 mg intravenously daily for 
3 days, and then dexamethasone at 10 mg intravenously (daily), tapering off by 2 mg every 4 
days, parallel to rehabilitation. The treatment and rehabilitation succeeded, and his 
symptoms and routine CSF findings gradually improved. The results of nested PCR assay for 
CSF specimens rapidly changed from positive to negative 1 week after the start of treatment, 
whereas the IgG EIA value and the IgG antibody index for VZV were continually elevated 
throughout the course of clinical treatment (table 3). Although severe anorexia remained as 
a sequela, his urinary retention was completely improved, and he recovered until he could 
walk with a walker. He was discharged to a rehabilitation hospital on May 26, 2011. 



Discussion 



This report describes 2 rare cases of elderly patients with VZV myelitis secondary to 
dermatomal zoster rash. In previous studies, VZV myelitis is described as frequently 
occurring in immunocompromised patients without dermatomal rash, whereas the disease 
is rare in immunocompetent patients, who usually present with rash [1-5]. The 2 patients 
were probably at least transiently in an age-related immunodeficient state at disease onset. 
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The isolation or detection of VZV from a CSF specimen is yet rare and difficult in cases of 
VZV infection of the CNS, owing to the poor yield of VZV in the CSF [3-9]. In addition, virus 
presence closely depends on the timing of the CSF collection during the clinical course of 
CNS viral infection [4, 7-9]. The choice of timing to collect CSF is very difficult because VZV 
infection in the CNS has various clinical courses: acute, subacute or chronic [4]. In CSF 
specimens previously collected at the acute phase within the first 7-10 days after the onset 
of rash, the rate of VZV DNA detection by conventional single PCR assay was reported to be 
61-76% [7-9], and that of anti-VZV IgG antibody elevation by EIA was 0-43% [7-9]. In 
contrast, at the subacute phase more than 1 week after onset, the rate for single PCR assay 
was 25-47% [7-9], but that of anti-VZV IgG antibody elevation was 83-100% [7-9]. 
Moreover, at the chronic phase more than 20 days after onset, the former was 0% and the 
latter was 100% [7-9]. Thus, the rate of a PCR-positive result for VZV DNA in the CSF tends 
to decline rapidly within 7-10 days after the onset of rash, whereas the rate of anti-VZV IgG 
antibody elevation tends to increase and then be maintained during the clinical course [7-9]. 

In this study, although the conventional single PCR assay outsourced to a commercial 
laboratory revealed only negative results, our original nested PCR assay could detect VZV 
DNA in CSF specimens collected from both patients on admission. The original nested PCR 
assay is regarded as much more sensitive than the conventional commercial single-step PCR 
assay. In previous studies, owing to the high performance of two consecutive PCR amplifica- 
tion steps, it was reported that the nested PCR assay technique had a 1,000 to 10,000 times 
higher sensitivity than the conventional single-step PCR assay [12, 13, 15]. In addition, the 
difference of extraction and purification methods of DNA from CSF specimens may have 
affected the sensitivity of the PCR assays. In our nested PCR assay, a high-molecular-weight 
carrier (Ethachinmate) was used as a coprecipitating agent together with the conventional 
phenol-chloroform extraction and ethanol precipitation [12, 13], making it possible to 
extract a small amount of VZV DNA from the CSF specimen more effectively than the popular 
column extraction kits used in the commercial single-PCR assay. However, it was considered 
that the collection, storage and transfer procedures of CSF specimens hardly affected the 
PCR assay results. Thus, the nested PCR assay is a useful assay technique with superior 
sensitivity and specificity. At present, regrettably, the nested PCR assay technique is not 
widely used in routine clinical examination, and its practical availability is only limited. It 
may be that the two consecutive amplification steps of the nested PCR assay are regarded as 
a complicated and laborious procedure. Moreover, the running cost per use of the nested 
PCR assay technique is not so high (approx. 50-100 USD), but there is a crucial problem in 
that a large expense (more than 10,000 USD) is needed to set up an appropriate laboratory 
infrastructure to perform this sophisticated assay technique. However, because of the 
demonstration of the capacity of the nested PCR assay in the diagnosis of difficult cases, in 
which other conventional assay methods cannot detect VZV DNA, it is speculated that, if this 
assay technique were widely and appropriately used within clinical practice, it would be a 
powerful tool for the rapid and accurate diagnosis of VZV CNS infection. It is considered 
important that, through translational research such as the present study, connecting clinical 
practice and basic laboratory research, the widespread use of the nested PCR assay 
technique is promoted. 

For the CSF specimens collected throughout the course of clinical treatment of both 
patients, the nested PCR assay revealed only negative results. In contrast, the IgG EIA value 
and the IgG antibody index for VZV exhibited continuous elevation. Although elevations of 
the IgG EIA value and the IgG antibody index for HSV-1 and CMV were also shown in both 
patients, these findings were regarded as a cross-reaction between antibodies because these 
three viruses belong to Herpesviridae, a large DNA virus family. Moreover, HSV-1 and CMV 



KARGER 



Case Reports in 

Neurology 



Case Rep Neurol 2013;5:81-90 



DOI: 10.1159/000350714 



© 2013 S. Karger AG, Basel 
www.karger.com/crn 



Takahashi et al.: Varicella Zoster Virus Myelitis in Two Elderly Patients 



DNA were never detected by any PCR assays for all CSF specimens; therefore, these negative 
results also strongly support our view. At present, whether the etiology of VZV myelitis is 
directly and exclusively viral, secondly immunopathological or both is still unknown [1-8]. 
In previous studies, pathological and virological analyses of progressive fetal VZV myelitis 
revealed that the disease is caused by direct viral invasion of the spinal cord [1-5]. However, 
the continuous elevation of intrathecal anti-VZV antibody after rapid conversion of nested 
PCR assay results suggests that, despite the eradication of VZV, a strong host immune 
response persists in CNS against VZV. Therefore, it is speculated that both the direct VZV 
invasion to the spinal cord as a trigger and the continuous excessive immune response in the 
host were closely related to the etiology of these 2 myelitis cases. The treatment with 
combined high-dose acyclovir and corticosteroid, for example, methylprednisolone, in these 
2 patients was appropriate and effective for improvement of their functional outcomes. 

Consequently, the detection of VZV DNA in CSF specimens by nested PCR assay and 
evaluation of the intrathecal synthesis of anti-VZV IgG antibody had significant and superior 
diagnostic value. We would like to emphasize the importance of rapid and precise diagnosis 
and adequate initial treatment in patients with VZV myelitis; the nested PCR assay and the 
antibody index to VZV are useful and powerful diagnostic tools in clinical practice. 
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Table 1. Sequences of primers for original nested PCR assay 



Target Assay Type Sequence Nucleotide Product 

position size 



ORF-29of First-step PCR outer forward primer WZ-F1 5'-GTCCTAGAGGAGGTTTTATCTGC-3' 53942-53964 172 

wildVZV (=singlePCR) outer reverse primer WZ-R1 5'-AATGCCATATGTTGTGCTCGAGC-3' 54113-54091 

DNA 1 

Second-step PCR inner forward primer WZ-F2 5'-TCCCTCGTCGGGAAATCGAGAAA-3' 53976-53998 88 

(=nestedPCR) inner reverse primer WZ-R2 5'-TATGGCTAATTGAACCATGGCCC-3' 54063-54041 



GenBank accession no. 1 NC_001348.1 (X04370). 



Table 2. Original nested PCR assay conditions 



First-step PCR 




Second-step PCR 




Initial denaturing 


96.0°C: 3 min 


Initial denaturing 


96.0°C: 3 min 


Amplification 


35 cycles 


Amplification 


25 cycles 


Denaturing 


95.0°C: 30 s 


Denaturing 


94.0°C: 30 s 


Annealing 


60.0°C: 30 s 


Annealing 


55.0°C: 30 s 


Extension 


72.0°C: 1 min 


Extension 


72.0°C: 1 min 


Final extension 


72.0°C: 10 min 


Final extension 


72.0°C: 10 min 
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Table 3. Summary of clinical study results in 2 patients during clinical course 



Patipnt 1 

1 t.! Ll C 1 J L _1_ 


rnllprrinn 

Vj Jl LU11CLUU1I 


March 11, 2010 March 18 


Ma rr Vi 9 ^ 


April 5 


Anril 20 

All) I 11 \J 


May 7 




dats 


(on admission) 












Basal CSF findings 


RBC, /ul 


2 


1 


0 


i 


0 


0 




Cell (WBC), /ul 


156 


113 


105 


50 


25 


8 




M:P 


460:9 


330:8 


310:4 


147:2 


35:2 


23:5 




Protein, mg/dl 


155 


138 


107 


70 


56 


48 




Glucose, mg/dl 


51 


50 


61 


61 


48 


52 




Bacterial culture 


- 


- 












CSF IgG, mg/dl 


34.0 


13.5 


19.1 


25.4 


22.9 


N.D. 




Serum IgG, mg/dl 


1,115 


1,143 


972 


684 


783 


N.D. 


Commercial single- 


VZV DNA 






- 


- 


- 


N.D. 


PCR assays 


HSV1 DNA 




_ 


- 


N.D. 


N.D. 


N.D. 


[SRL Inc.] 


CMV DNA 




- 


N.D. 


N.D. 


N.D. 


N.D. 


Original nested PCR 


VZV DNA 


■ 




- 


- 


- 


N.D. 


assay 
















IgM EIA value 


Anti-VZV 














(negative <0.8 


CSF 


0.51 


0.18 


0.11 


0.09 


N.D. 


N.D. 


positive >1.2) 


Serum 


1.26* 


0.78 


0.82 


0.74 


N.D. 


N.D. 




Anti-HSVl 
















CSF 


0.62 


0.28 


0.18 


N.D. 


N.D. 


N.D. 




Serum 


0.71 


0.76 


0.68 


N.D. 


N.D. 


N.D. 




Anti-CMV 
















CSF 


0.44 


0.16 


N.D. 


N.D. 


N.D. 


N.D. 




Serum 


(1 34 




N.D. 


N.D. 


N.D. 


N.D. 


Icffi FIA value 

l£^VJ 1 i 1 1 I V CI 1 Lit 


Anti-V7V 














(CSF: negative <0.20 


CSF 


>12.8* 


>12.8* 


11.6* 


8.73* 


7.48* 


N.D. 


positive >0.40 


Serum 


>128.0* 


>128.0* 


105.2* 


75.4* 


66.3* 


N.D. 


Serum: negative <2.0 


Antibody index 


3.28t 


O A '7+ 

o.4 n 


J.OZ 1 


3.12t 


3.86t 


M n 

1\.D. 


positive >4.0) 


Anti-HSVl 
















CSF 


8.8* 


7.8* 


6.8* 


3.5* 


N.D. 


N.D. 




Serum 


>128.0* 


1 T C A * 


98.7* 


68.3* 


N.D. 


N.D. 




Antibody index 


3.28t 


c n -7+ 
5.2 /' 


3.51t 


1.37 


N.D. 


N.D. 




Anti-CMV 
















CSF 


2.5* 


2.0 


0.8* 


N.D. 


N.D. 


N.D. 




Serum 


84.5* 


85.4* 


52.6* 


N.D. 


N.D. 


N.D. 




Antibody index 


0.97 


1.98 


0.77 


N.D. 


N.D. 


N.D. 


Patient 2 

1 CI LI 1 1 L. £-t 


CSF collection date April 13, 2011 


April 20 


Anril 27 


May 11 May 20 








(On admission) 












Basal CSF findings 


RBC, /ul 


0 


2 


1 


0 


1 






Cell (WBC), /ul 


110 


20 


10 


4 


3 






M:P 


320:11 


30:1 


16:1 


9:1 


11:2 






Protein, mg/dl 


93 


61 


29 


33 


24 






Glucose, mg/dl 


51 


61 


62 


58 


54 






Bacterial culture 
















CSF IgG, mg/dl 


22.5 


9.0 


5.1 


6.2 


N.D. 






Serum IgG, mg/dl 


1,855 


1,603 


1,268 


1,044 


N.D. 




Commercial single- 


VZV-DNA 










N.D. 




PCR assays 


HSV1-DNA 








N.D. 


N.D. 
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(pKL inc. J 


LM V-1J1NA 










vi.U. 


Original nested PCR 


VZV-DNA 


+ 


- 


- 


- 


N.D. 


assay 














IgM EIA value 


Anti-VZV 












(negative <0.8 


CSF 


0.24 


0.15 


0.09 


0.11 


N.D. 


positive >1.2) 


Serum 


0.18 


0.16 


0.15 


0.16 


N.D. 




Anti-HSVl 














CSF 


0.30 


0.31 


0.60 


N.D. 


N.D. 




Serum 


0.46 


0.50 


0.57 


N.D. 


N.D. 




Anti-CMV 














CSF 


0.20 


0.22 


N.D. 


N.D. 


N.D. 




Serum 


0.37 


0.38 


N.D. 


N.D. 


N.D. 


IgG EIA value 


Anti-vZiV 












(CSF: negative <0.20 


CSF 


>12.8* 


>12.8* 


10.3* 


7.8* 


N.D. 


positive >0.40 


Serum 


>128* 


124.2* 


115.7* 


85.8* 


N.D. 


Serum: negative <2.0 


Antibody index 


8.24+ 


18.35+ 


22.13+ 


12.67+ 


N.D. 


positive >4.0] 


Anti-HSVl 














CSF 


7.3* 


6.3* 


8.3* 


6.8* 


N.D. 




Serum 


>128* 


99.6* 


>128* 


105.4* 


N.D. 




Antibody index 


4.70t 


11.26+ 


16.12+ 


10.8+ 


N.D. 




Anti-CMV 














CSF 


2.0* 


2.0* 


N.D. 


N.D. 


N.D. 




Serum 


32* 


18.2* 


N.D. 


N.D. 


N.D. 




Antibody index 


5.15+ 


19.57+ 


N.D. 


N.D. 


N.D. 



M = Mononuclear cell; P = polymorphonuclear cell; N.D. = not done. *positive EIA value; +positive antibody 
index. 
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Fig. 1. a-c Spinal cord MRI findings, a Sagittal T 2 -weighted MRI (TR 3809, TE110) of the cervical spine (c) 
in patient 1. A high-signal-intensity lesion at the cervical spinal nerve 2 is shown, b Sagittal T2-weighted 
MRI (TR 3797, TE 110) of thoracic spine in patient 2. c Axial T 2 -weighted MRI (TR 539, TE 18) of thoracic 
spine in patient 2. A high-signal-intensity lesion at Th 3-4 is shown, d, e Nested PCR assay results for the 
CSF specimen collected on admission, d Patient 1, e patient 2. * Positive result. Lane 1: molecular weight 
marker, lane 2: internal control (human (B-globin: 196 bp), lane 3: negative control (clinically isolated 
Staphylococcus aureus DNA), lane 4: case, lane 5: positive control (172 bp), lane 6: negative control, lane 7: 
case, lane 8: positive control (88 bp), lanes 3-5: single-PCR assay results, lanes 6-8: nested PCR results. As 
a positive control, the original plasmid into which a DNA fragment (172 bp) of the ORF-29 gene had been 
inserted was prepared. The nucleotide sequence of the inserted DNA fragment was confirmed by direct 
sequencing in both strands. The extracted DNA specimens from clinically isolated Staphylococcus aureus 
were used as a negative control. In addition, as an internal control, a pair of primers specific to the human 
(S-globin gene (GenBank accession no. L48217) was prepared. The 196-bp human (B-globin gene fragment 
as an internal control was amplified in another tube under the same assay conditions. In conventional 
single-PCR assay, a weak 172-bp band was only shown at lane 4 for patient 1. In contrast, the nested PCR 
assay demonstrated clearly positive 88-bp bands at lane 7 for both patients. 
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